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, related to indicate FRT and loxP regions, respectively. PCR primers (arrows) and TaqMan probes (red boxes) were used for the amplification of the wild-type and modified alleles. (C) Genotyping by Real-time PCR. Amplification plots were generated using the PRISM 7000 sequence detection systems spectral calibration kit (Applied Biosystems). Probes corresponding to the syntaxin-7 (Stx7) genomic sequence used as an internal control for the amounts of genomic DNA. WT/-embryos (n = 6 and n = 3 for E6.2 and E7.5 embryos, respectively) and in those of the mutant embryos (n = 9 and n = 7 for E6.2 and E7.5 embryos, respectively).
(D) Apoptotic cells (positive for TUNEL) were counted in the sections (n = 3, n = 7, n = 9, and n = 5 for E7.5 normal, E7. Figure S5 . Distribution of BMP type I receptor, Bmpr1a, in E6.0 embryos, related to Fig. 6 (A) The cryosections (transverse; thickness, 6 m) of an extraembryonic part were stained for Bmpr1a (red)， rab7 (green), and lamp2 (blue). Bmpr1a was highly accumulated on the apical surface, and a lesser amount was also found in the basolateral plasma membrane of the visceral endoderm cells (VE). A fraction of Bmpr1a was co-localized with lamp2, a marker for the limiting membranes of the apical vacuoles (arrowheads). The boundary of the extraembryonic ectoderm (ExE) and visceral endoderm is indicated with a dotted line in the bright-field image. (B) Characterization of anti rab7-antibodies used in this study. Chicken monoclonal antibodies against mouse rab7 were generated as described in Supplemental Experimental Procedures. We confirmed specificity by co-staining of MEFs with the chicken (Ck) rab7 antibodies (green) and the rabbit (Rb) anti-rab7 polyclonal antibodies (red) characterized previously (Nakamura et al., 2000; Sun-Wada et al., 2009) . Further, the chicken anti-rab7 antibodies gave no signals in MEFs lacking rab7, which were obtained from mouse embryos homozygous for rab7 flox allele and adenovirus mediated Cre expression. Genetic modification of mouse rab7 locus will be described elsewhere (manuscript submitted). (C) Immunogold detection of Bmpr1a and rab7 in the visceral endoderm cells overlying the extraembryonic ectoderm. The upper panels are low magnification of the apical regions of VE cells. The boxed areas are shown in the lower panels. The Bmpr1a (6 nm gold particles, masked semitransparently with red circles) appeared in the lumen and membranes of apical vacuoles in wild-type embryo, whereas in the mutant visceral endoderm, most Bmpr1a signals associated to periphery, but a few were found in the lumen of the rab7 (12 nm gold particles, masked semitransparently with green circles) -positive compartments. AV, apical vacuoles; N, nucleus; V*, vacuolated compartments. (A) E5.5 ICR embryos were dissected and cultured for 2 days with or without 500 ng/ml rhBMP-4. Sagittal sections were then obtained on a cryostat. The sections were labeled with anti-phosphorylated histone H3 and subjected to TUNEL reaction to detect mitotically active cells and apoptotic nuclei, respectively. The apoptotic cells were accumulated in the prospective anterior region of the embryonic ectoderm (arrows). (B, C) The mitotically active cells and apoptotic cells were counted. Fig. S1 ) of DNA isolated from tail (3 4 wks) or embryo lysates (E5.5 E10.5). *Deciduae contained only membranous remnants. **Embryos remained as deformed egg cylinders. ***Embryos were balloon like in shape. Supplemental Experimental Procedures Modification of the genomic mVam2 locus and production of mutant mice A targeting vector was constructed using a mini-transposon carrying FRT, lox, and neo elements and a bacterial artificial chromosome (BAC) containing the mVam2 locus (Aoyama et al., 2005) . The targeting construct was introduced into mouse embryonic stem cells R1 (Nagy et al., 1993) , and homologous recombination was identified by polymerase chain reaction (PCR). The homologous recombinants were injected into E3.5 blastocysts of C57Bl/6 mice. The chimeric mice were first crossed with mice expressing Flp or Cre recombinase (Lakso et al., 1996; Rodriguez et al., 2000) to remove the floxed segment and then with C57Bl/6 mice.
Histology and in situ hybridization
Female mice were anesthetized with ketamine-xylazine or pentobarbital and perfused with 4% paraformaldehyde (PFA) in Dulbecco's phosphate-buffered saline (PBS). Embryos were collected and embedded either in Technovit 7100 or optimal cutting temperature (OCT) compounds, according to the manufacturer's instructions. Technovit-embedded sections were obtained on a rotary microtome and stained with haematoxylin and eosin. Cryosections were processed for TUNEL by using a commercial package (Roche) and incubated with anti-phosphorylated histone H3 antibody (#06-570; Upstate) and Cy3-conjugated secondary antibodies.
Whole-mount in situ hybridization was performed as described previously , and the signals were developed with BM purple alkaline phosphatase substrate (Roche). For immunohistochemistry, dissected embryos were blocked in a solution containing 0.05% Tween-20, 0.5% tyramide signal amplification (TSA) blocking reagent (PerkinElmer), and 1% normal donkey serum (Sigma) in PBS, overnight at 4 ºC. They were then incubated with primary antibodies in the same solution overnight at 4 ºC, washed, treated with the secondary antibodies (Jackson ImmunoResearch) for 2 4 h, washed again, and refixed in 4% PFA in PBS.
MEFs and embryo culture
MEFs were isolated from E13.5 embryos, cultured in Dulbecco's modified Eagle's medium (DMEM) plus 10% fetal bovine serum (FBS) (Invitrogen), and used at the third passage. The embryos were dissected in DMEM plus 10% FBS and 20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid (HEPES) (pH 7.2) and cultured in DMEM plus 50% rat serum at 37 ºC in 5% CO 2 /95% air. For endocytic labeling, the dissected embryos were incubated in DMEM plus 10% FBS and 1 mg/ml FITC-transferrin (Invitrogen) for 5 min at 37 ºC in 5% CO 2 /95% air, fixed in ice-cold 4% PFA in PBS, and then processed for whole-mount immunocytochemistry as described above. For pulse labeling and chase experiments, the embryos were dissected and incubated in DMEM plus 50% rat serum containing 2 mg/ml tetramethylrhodamine-dextran (Invitrogen, aldehyde-fixable, M. W. 70,000), for 15 min, washed and further cultured in the dextran-free medium for 15 min. Then the embryos were pulse-labeled for 5 min in the culture medium containing 2 mg/ml of FITC-dextran (Invitrogen, aldehyde-fixable, M. W. 70,000), washed, and chased in the dextran-free medium, then they were fixed in 4 % PFA in PBS.
E5.5 embryos of wild-type strain (Institute of Cancer Research [ICR]) were cultured in DMEM plus 50% rat serum with or without 500 ng/ml of rhBMP-4 (R&D Systems). rhBMP-4, TGFor EGF (carrier free; R&D Systems) was conjugated with Alexa Fluor 555 by using a monoclonal antibody labeling kit (A20187; Invitrogen).
Construction of recombinant adenoviruses
Cre recombinase adenovirus was obtained from Riken (Kanegae et al., 1995) . Recombinant adenoviruses were constructed using the ViraPower Adenoviral Gateway Expression Kit (Invitrogen). Various HA-tagged receptors and GFP-tagged mVam2 cDNAs were subcloned into the pAd/PL-DEST TM Gateway Vector (Invitrogen). The full-length mVam2 and the mVam2 N (amino acids 267-853) cDNA were fused to the carboxyl terminal of GFP under the control of cytomegalovirus promoter. Each plasmid was transfected into E1 transcomplemental cell line 293, and the recombinant viruses were isolated and purified.
Immunoprecipitation and western blotting
MEFs were infected with adenoviruses carrying epitope-tagged receptors and GFP-tagged mVam2 constructs. At 4 days after infection, the cells were washed with ice-cold PBS and lysed in 25 mM Tris-HCl (pH 7.4), 100 mM NaCl, 5 mM ethylenediaminetetraacetic acid (EDTA), 10% glycerol, 1% Triton X-100, 0.1% sodium dodecyl sulphate (SDS), phosphatase inhibitors NaF (1 mM) and sodium orthovanadate (1 mM), and protease inhibitor cocktail (Roche). The lysate was cleared by centrifugation and immunoprecipitated using the commercial HA Tag IP/Co-IP Kit (Thermo Scientific) and magnetic GFP-Trap_M kit (Chromotek) according to the manufacturer's instructions. The precipitated materials were subjected to SDS-polyacrylamide gel electrophoresis (PAGE), transferred to nylon membranes, and probed with antibodies. The blots were then developed using an enhanced chemiluminescence (ECL) system. The images were acquired with Fuji LAS-1000 chemiluminescence imager.
Microscopy
Immunostained embryos were immersed in a 1:1 mixture of 40% glycerol and VECTASHIELD (Vector Laboratories). Whole embryos were mounted in 0.1% gellan gum (Sigma-Aldrich) in PBS plus 40% glycerol in glass-bottom 35-mm dishes. Bright-field images of the histological or in situ hybridization specimens were acquired with an Olympus SZX stereomicroscope or Zeiss Axioskop 2, using a Fujifilm HC-300Z charge-coupled device (CCD) camera (tagged image file format [TIFF] mode, auto white balance). Immunofluorescence samples were viewed under a confocal laser scanning microscope (Zeiss LSM 510) or on a Leica imaging workstation (ASMDW). Images of phosphorylated Smads and ERKs were acquired at multiple focal planes at 2-m interval on ASMDW and deconvoluted with the Leica Deblur software (100 iterations, blind adaptive algorithm).
For electron microscopy, E6.5 embryos were fixed in 2.5% glutaraldehyde and 4% PFA in 0.1 M potassium phosphate buffer (pH 7.4), processed as described previously (Sun-Wada et al., 2006) , and viewed under a Hitachi H-7600 electron microscope. Immuno-electronmicroscopy using a post-embedding immunogold technique was carried out as described previously (Iwata et al., 1995) with a slight modification. Embryos fixed in 4% PFA overnight were embedded in LR White resin, and ultrathin sections were cut. The sections were blocked in a drop of blocking solution; PBS containing 2 % BSA and 2% normal donkey serum, and reacted with the goat anti-Bmpr1a IgG and chicken anti-rab7 IgY antibodies in the blocking solution, then with donkey anti-goat IgG conjugated with 6 nm gold particles and donkey anti-chicken IgY conjugated with 12 nm gold particle. After immunodecoration, the ultra-thin sections were stained with uranyl acetate and with lead citrate, then they were observed under a Hitachi H-7600 electron microscope.
